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Part A. MAX-DOAS instruments
The instrument in Nanjing is a mini MAX-DOAS with Maya2000Pro (Ocean Optics, Dunedin, FL, USA) spectrometer, which is on the roof of the School of Atmospheric Science in the Xianlin Campus of Nanjing University, about 17.7 km northeast of Nanjing urban center. The controlled temperature is set at 20 for all seasonas. It measures scattered sunlight every 15 min at eleven elevation angles: 1°, 2°, 3°, 4°, 5°, 6°, 8°,10°, 20°, 30°, and 90°. The instruments were normally operated from 8:00 to 17:00 local time (LT) each day. The details can be found in Tian et al.,( 2018) .
The instrument in Xuzhou is a MAX-DOAS 2000 located on the roof of the School of Environmental Science and Spatial Informatics, China University of Mining and Technology, 6.5 km away from Xuzhou urban center. This site is about 1 km south of Yulong Lake Scenic Area, an AAAAA (5A) scenic area with mountains and lakes. The instrument measures scattered sunlight every 5 minutes at five elevation angles: 5°, 10°, 20°, 30°, and 90°.
The remote Fukue site is away from major cities (e.g., 100 km from Nagasaki, a city with 440,000 residents). The miniature spectrometer used here is USB4000 (Ocean Optics, Dunedin, FL, USA). A prism is rotated every 5 min to introduce scattered sunlight from the sky, with sequential elevation angles of the telescope at 3°, 5°, 10°, 20°, 30°, and 90°.
One cycle of observations at six elevation angles (with 5 min integration each) takes 30 min (Kanaya et al., 2014) .
Part B. Evaluation of sampling consistency between TROPOMI and MAX-DOAS data
When comparing satellite products and MAX-DOAS observations, ensuring temporal and spatial sampling consistencies is crucial. Figure 3 shows the spatial distributions of POMINO-TROPOMI NO 2 VCDs around two suburban sites, Nanjing and Xuzhou sites.
The spatial distribution around Xuzhou site is much smoother than Nanjing.
Tables S4 and S5 present the statistical results of satellite data evaluation at Xuzhou and Nanjing, by varying the distance between a TROPOMI pixel center and a MAX-DOAS site and by varying the time difference between the MAX-DOAS measurement and TROPOMI overpass. A similar analysis is not done for Fukue because of too few data points (i.e., five days in total for a sensitivity study). Tables S2 and S3 show that the R 2 varies (between 0.33 and 0.91) with the sampling distance and time. Extending the sampling time or expanding the sampling distance tends to decrease the R 2 , reflecting the decreasing sampling consistency. However, extending the sampling time from within ±0.5 hours to within ±1 hours decreases the normalized mean bias. Based on these comparison results, we choose within 5 km and within ±1 h (similar to Liu et al. (2019)) as our sampling choice in the main text. Cloud pressure is from FRESCO-S at O 2 Aband (758 nm); cloud fraction is derived in this study at the NO 2 fitting window (at 437.5 nm) e ; Pixel-specific RTM calculations for cloud fractions with no LUT Cloud pressure is from FRESCO-S at O 2 Aband (758 nm); cloud fraction is derived at the NO 2 fit window (at 437.5 nm) e ; LUT for cloud fractions 
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